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SECRET 


ABSTRACT 

(c)  Satisfactory  detection  of  nuclear  detonations  and  obser¬ 
vation  of  the  resulting  clouds  by  Radar  Set  AN/CPS-9  during  Operation 
Redwing  at  the  Eniwetok  Proving  Ground  indicated  tliat  radar  equipment 
could  be  used  in  future  nuclear  tests  fofV  nuclear  cloud  study, 
fallout  prediction  techniques,  cloud  moni-coring,  locating  ground  zero 
during  poor  visibility,  and  measuring  detonation  yield.  The  ability 
of  the  AN/cPS-9  or  other  type  radars  to  detect  detonations  (in  the 
kiloton  range)  under  the  adverse  atmospheric  csnditions  of  an  arid 
climate  was  unloiown.-,, 

(S)  An  experiment  ims  designed  ”by  the  USASRDL  and  approved  by 
the  USC0N.4RC^to'  include  radar  equipment  of  two  different  frequencies 
(1,300  and  9>300  me),  in^Part  II  of  Project  50.3  (Desert  Rock  VII  and 
VIII,  Operation  Plumbbob)  at  ihe  Nevada  Test-Site.  Radar' iest 
results-r-preaented  in-.-thia  report^ indicate  that  Radar  Set  AN/cPS-9 
was  superior  to  the  other  radars  used  in  detecting  and  tracking 
nuclear  clouds,  Tlie  AN/CPS-9  detected  fourteen  of  the  eighteen 
shots  in  viiich  it  participated,  including  two  of  the  three  shots 
from  the  40-mile  range,  three  of  the  five  shots  from  the  100-mile 
range,  and  all  line-of-sight  shots.  Radar  Set  AN/TPS-ID  indicated 
clouds  from  two  shots  at  close  range;  Radar  Set  AN/mpg-1  indicated 
no  nuclear  clouds,  but  detected  detonations  by  target  attenuation; 
and  Radar  Set  AN/FPS-6  indicated  the  cloud  of  one  shot.  Cloud 
height,  approximate  detonation  time,  ground-zero  location,  rate  of 
rise,  and  cloud  movement  were  all  indicated  by  radar.  Within  the 
range  of  yields  and  the  operating  conditions  of  the  Nevada  tests, 
the  cloud  height  measured  by  Radar  Set  AN/CPS-9  indicated  the 
yield  within  a  factor  of  approximately  tiro  on  all  detonations  in 
which  the  entire  cloud  was  observed. 
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RADAR  DETECTION  AND  OBSERVATION  OF  NUCLEAR  CLOUDS  (u) 

(Part  II  Project  50. 3,  Desert  Rock  VII  and  VIII,  Operation  Plumbbob)  (u) 


INTRODUCTION 

(C)  This  report  presents  radar  test  results  of  Part  II  Project  50*3; 
Operation  Plumbbob.  The  prime  objective  of  this  operation  was  to  deter¬ 
mine  the  ability  of  radar  equipment  to  detect  and  observe  low-yield 
nuclear  clouds  in  the  low  humidity  conditions  of  the  Nevada  Test  Site. 
Secondary  objectives  were  to  determine  the  following:  ground-zero  loca¬ 
tions;  absolute  detonation  time;  dependence  of  cloud  detection  on  radar 
equipment  having  1,300-,  2,800-,  and  9>300-Mc  radio  frequency;  cloud 
dimensions;  rate  of  cloud  rise;  whether  correlation  exists  between  yield 
and  the  radar  detectable  characteristics  of  the  cloud;  and  the  possibil¬ 
ity  of  studying  fireball  growth  by  radar. 

BACKGROUND 

(C)  When  radar  equipment  was  used  in  nuclear  tests  prior  to  Opera¬ 
tion  Redwing  at  the  Eniwetok  Proving  Ground,  nuclear  detonations  were 
detected  for  only  a  few  minutes  after  firing  time.  Most  of  the  tests 
were  made  with  airborne  equipment  in  flight  that  recorded  a  ring  around 
ground  zero.  No  radar  detected  the  cloud  resulting  from  the  detonation. 

(c)  Diiring  Operation  Redwing  at  the  Eniwetok  Proving  Ground,  a 
USASRDL  technical  observer  used  Radar  Set  AN/CPS-9  to  detect  severed 
nuclear  clouds  at  ranges  up  to  approximately  200  miles.  The  radeu'  scopes, 
photographed  on  three  occasions,  showed  grawth  and  dissipation,  shape, 
rate  of  rise,  and  direction  and  speed  of  movement  of  nuclear  clouds. 

(c)  The  satisfactory  performance  of  this  radar  equipment  during 
Operation  Redwing  Implied:  l)  That  radar  equipment  could  be  used  by  the 
Army  to  obtain  input  data  for  fallout  prediction,  and  2)  That  this  equip¬ 
ment  should  be  tested  to  determine  its  capabilities  for  investigating  the 
characteristics  of  tactical-size  nuclear  explosions  in  the  dry  atmospheric 
conditions  of  the  Nevada  Test  Site.  This  laboratory  considered  the  task 
sufficiently  important  to  arrange  with  the  USCONARC  to  include  it  in  the 
Desert  Rock  VII  and  VIII  tests.  Operation  Plurabbob.  Test  results,  how¬ 
ever,  were  not  expected  to  equal  those  of  Operation  Redwing,  even  after 
equipment  modification,  because  of  the  low  humidity  of  the  area.  Radar 
detectability  is  dependent  on  the  moisture  content  of  the  air  above 
the  burst  and  on  the  amount  and  character  of  debris  (soil  particles,  etc.) 
that  the  burst  throws  into  the  air. 

EQUIPMEira 

(c)  Five  radar  sets  were  used  in  this  operation  to  collect  the 
required  data.  The  AN/CPS-9  radar  recorded  the  vertical  cross-section 
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of  tlio  clouds  (dioi/in"  tlie  characteristic  mushroom- shaped  clouds).  Ihe 
AN/AlKi-13  rachir  determined  the  best  azimuth  setting  for  optimum  radar 
returns  of  the  AI'l/cr‘S-9.  Hie  AN/tP3-1D  radar  permitted  determination  of 
the  frequency  dependence  of  cloud  detection  by  comparison  of  1,300-  and 
9,C00-Ilc  radar  equipments,  'llie  AN/mPG-1  radar  tob  used  to  study  the  fire¬ 
ball  growLh.'  'Lite  AW/FK-6  radar  ])ermittod  determination  of  the  frequency 
dependence  of  cloud  detection  by  comparison  of  the  2,900-  and  9^000-  Me 
radar  equipments.  Tlie  detecting  ability  of  each  radar  set  is  given  in 
Appendlu:  I.  'flie  method  used  to  compute  tlie  detecting  ability  of  each  radar 
set  is  given  in  Appendix  I.  Table  1  tabulates  tlie  various  radar  equipment 
characteristics  and  Table  2  indicates  the  relative  tibility  of  each  radar 
equipment  to  detect  nuclear  clouds  as  compared  witli  Radar  Set  AN/CPS-9. 
AppondLx  II  discusses  the  communication  equipment  used  in  Operation 
PlLuiibbob . 

Radar  Set  AJj/CFS-9  (9,300  Me) 

(U)  Tlie  AN/CK-9  is  a  high-powered  (250-lw  poal:)  stonn-detection 
radar.  Its  prime  meteorological  function  is  to  detect  mter  and/or  ice 
particles  in  storm  areas,  and  locate  and  trad",  stoimio  occurring  within 
itOO  miles  of  tlie  radar  location.  There  are  four  indicators  on  the  console 
to  be  used  by  the  operator:  l)  Range-Height  Indicator^  (RIII)  (to  a  100- 
mile  range);  2)  A-Scope  Indicator^ (to  a  5-,  20- ,  75-,  imd  400-mile  i-ange) 
vrith  a  gating  system  that  pennits  any  5-  or  20-m^e  sector  bo  be  observed 
on  an  expanded  sweep;  3)  Tlan  Posibion  Indicaboro  (PPI)  (bo  a  25-,  50-, 

100- ,  200- ,  and  400-mile  range);  and  4)  Offset  PPI  that  locates  the  center 
of  blic  PPI  sweeps  in  any  position  on  the  scope  face,  thereby  expanding  tlie 
presentation  and  permitting  increased  detailed  observation. 

(c)  Hie  AN/cP3-9,  designed  for  fixed-station  operation,  has  large 
component  parts  (console  10-by-4-by-3  feet;  modulator  6-by-4-by-3  feet). 

All  indoor  equipment  iras  housed  in  a  V-51  van,  and  the  antenna  assembly 
was  mounted  on  a  Iq-ton  stake-body  truck  for  easy  transportation  in  the 
tost  area.  All  interconnecting  cables  vrere  fitted  with  connector  luiits 
for  rapid  setup  tuid  breakdown  of  equipment  wibli  a  minimiun  of  error.  Hiis 
radar  set  required  approximately  30  minutes  to  become  fully  operational 
on  arrival  at  a  new  location.  Hie  RHI  was  modified  to  allow  the  height 
range  to  be  increased  from  tlie  standard  50,000  feet  to  100,000  feet  by  the 
operation  of  a  switch.  The  AW/CPS-9  was  the  only  radar  set  that  offered 
automatic  sector  scanning  in  eitlier  PPI  or  RHI  operation. 

Radar  Set  AN/TPS-1D  (1,320  Me) 

(U)  Hie  AN/TPS-ID  is  a  mobile  search  radar  having  both  PPI  and 
A- scope  indication.  It  was  modified  to  include  a  step  control 


^RHI  indicates  range  and  height  of  target  areas  by  sweeping  the 
antenna  in  a  vertical  plane  through  the  target  ru-ea. 

2 

A-Gcope  indicates  range  and  intensity  of  echo  return  from  target. 
3 

PPI  Indicates  range  and  horizont  tl  cross-sectional  area  of 

target. 
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TABLE  2  RADAR  DETECTABILITY  OF  NUCLEAR  CLOUDS  (U) 


s/n 

s/n  (an/cps-9) 

Radar  Set  AlJ/CPS-9 

1 

Radar  Set  AW/TPS-ID 

2,42  (10“*^) 

Radar  Set  AK/APQ-13 

9.55  (10"^) 

Radar  Set  AN/PPS-6 

.3 

AIVMPG-I 

(B  Scope) 

.332  (10"'^) 

(PPI) 

.784  (10“^) 
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for  6°,  32°,  and  antenna- elevation  ancles.  The  radar  is 

self-contained  in  a  GSS-1  shelter  that  is  mounted  on  a  2i--ton  6x6 
cargo  truck.  Its  antenna  protrudes  from  tlie  shelter  roof.  Tlie  only 
requirement  to  mal:e  this  equipment  operational  is  to  connect  the  power 
cable  from  tlie  power-unit  trailer.  0^d.ng  to  the  wide  vertical  antenna 
pattern  of  the  radar  set  and  tlie  terrain  of  the  Nevada  Test  Site,  ground 
clutter  was  extremely  difficult  to  eliminate  from  the  detonation  areas. 

Radar  Set  AN/APQ-13  (9,100  Me) 

(u)  The  AN/APQ-13  is  an  airborne  bombing  radar  equipment  i/ith  PPI 
and  A- scope  indication.  It  was  modified  for  use  as  a  lightweight  ground 
weather  radar.  The  console  equipment  is  housed  in  an  S-56/G  shelter;  the 
modulator,  receiver,  and  transmitter  are  housed  in  weatherized  enclosures 
on  a  20- foot  sectional  antenna  tower.  'Ihe  set  required  approxiii)ately 
2  hours  to  become  fully  operational.  Because  of  maintenance  problems, 
this  radar  ira.s  used  in  only  three  shots. 

Radar  Set  AN/ilPG-1  (9,000  Me)  (ifodified) 

(u)  Tlie  AN/MPG-1  is  a  van-mounted  fire-control  coast  artillery 
equipment  idth  PPI  and  B-scope  indication.  Tlie  antenna  assembly  i/as 
mounted  on  a  2|-ton  cargo  truck.  The  B-scope  continually  displayed  tiie 
target  area  (£1,000  yards  by  2°)  by  sweeping  the  radar  beam  horizontally 
through  the  target  area  v/itliin  the  prescribed  azimuth  sector  (10*^') 

16  times/second.  A  numerical  dial  on  the  console  indicated  the  range  to 
tlie  center  of  the  target  urea.  A  continuous  elevation  control  iras  incor¬ 
porated  that  required  a  complete  change  in  the  pedestal's  mechanical  and 
electrical  design  and  the  addition  of  complete  servo  and  amplidyne  cir¬ 
cuitry. 

Radar  Set  AIVfpS-6  (  2,800  Me) 

(U)  Tlie  AN/FPS-6,  a  height- finding  radar  equipment  irith  an  RNI  dis¬ 
play,  i/as  made  available  to  Project  50.3  in  August  195'/  for  photographic 
recording.  It  i/as  located  at  Angels  Peak  Nr.  1,  approximately  30  miles 
from  Yucca  Lalce. 

Photographic  Equipment 

(u)  Each  sweep  of  the  RIII  of  Radar  Sets  AN/CPG-9  and  AN/IPS-6  and 
each  sweep  of  the  PPI  of  Radar  Sets  AN/mpg-1  and  AN/tPS-1D  were  recorded 
witli  single- frame  35-inra  cameras  equipped  vrith  motor-driven  film  advance. 
Tlie  auxiliary  A-scopes  of  the  AN/MPG-1  and  the  AN/TPS-ID  were  photographed 
ihLth  16-mm  motion- picture  cameras.  Tlie  PPI  displays  of  the  AN/cPS-9  and 
the  AI'J/apQ-13  were  recorded  -vrith  i|-by-5-inch  film- pack  cameras.  The 
B-scope  of  the  AIZ/MPG-I  ms  filmed  irlth  a  35-niiii  motion-picture  camera  at 
16  frames/second  (the  antenna-azimuth  sweep  rate).  Tiie  atomic  clouds  were 
photographed  vrith  a  ''l-by-5-inch  film-pad:  camera  at  the  radar  location  on 
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the  test  site.  One  event  vras  recorded  in  color  'v/ith  a  l6-mm  movie  cam¬ 
era.  A  xratch  vrLth  a  sweep  second  hand  tos  placed  on  each  indicator  to 
record  the  time  of  each  frame.  Hiis  recording  system  permitted  data 
analysis  to  the  nearest  second. 

PROCEDURE 

Pretest  Period 

(u)  On  20  March  1957>  personnel  arrived  at  Camp  Desert  Rock  to  malce 
the  necessary  technical  and  administrative  arrangements.  Part  II  of 
Project  50.3  vra,s  scheduled  to  begin  testing  operations  approximately  one 
month  before  tlie  series  started  to  avoid  possible  interference  with  other 
radar  equipment  at  tlie  Nevada  Test  Site.  Camp  Desert  Rock,  hovrever,  did 
not  become  operational  until  tlie  first  ireeJc  of  May,  causing  the  interfer¬ 
ence  tests  to  be  delayed  until  the  Project  50.3  equipment  received  an 
approved  site  in  the  foinrurd  area.  The  AN/CPS-9  and  AN/APQ-13  radars, 
requiring  only  minor  alignments  and  repairs  after  being  transported  across 
tlie  continent,  were  set  up  in  the  Camp  Desert  Rock  signal  yard  and  tested 
idiile  amiting  permission  to  enter  the  forward  area.  To  test  the  antenna 
assembly  in  the  signal  yard,  tlie  antenna,  tos  placed  on  the  rear  of  a 
1^-ton  staJce  body  true!:.  Tlie  antenna's  perform£ince  vra.s  sufficiently 
stable  to  make  this  the  permanent  installation  for  the  remainder  of  the 
test,  Tlie  complete  nwbility  of  the  AN/CPS-9  reduced  the  setup  time  from 
approximately  k  hours  to  30  minutes. 

(u)  On  11  14iy  193' (>  ti/o  days  before  the  first  dry  run,  all  radar 
sets  except  the  An/MPG-I  were  set  up  on  a  previously  chosen  site  on  the 
vest  side  of  Yucca  Ltilie  at  an  ideal  location  for  operation.  A  dry  run 
of  all  equipment  ims  required  before  each  shot  to  make  sure  that  there 
TOS  no  interference.  Any  equipment  not  undergoing  this  test  could  not 
participate  in  the  shot.  Tlie  same  day  that  tlie  equipment  \m.3  checked  for 
operation,  Project  50.3  personnel  vrere  notified  that  tlie  site  vrould  be 
used  for  another  project.  Another  site  tos  located  on  the  southeast  side 
of  YUcca  LaJee  and  tlie  equipment  iras  again  placed  in  operating  condition 
for  tlie  di-y  I’un.  Since  tlie  AN/mPG-1  radar  did  not  participate  in  the  dry 
run,  it  iras  not  used  as  transmitting  equipment  in  the  first  shot. 

Test  Period 

(u)  Tliere  were  substantially  two  phases  of  operation  during  the 
Plumbbob  test  series.  Diu-ing  the  initial  period  all  radars  were  grouped 
within  a  small  ai'ea  idiere  they  reiiained  for  ten  detonations  (llg.  l). 

This  location  permitted  comparison  and  evaluation  of  equipment  operating 
with  the  same  terrain,  distmice,  and  elevation  to  ground  zero,  Fbr  the 
second  pliase  the  equipments  were  divided  into  two  groups.  The  equipments 
capable  of  detection  at  greater  distances  were  moved  to  several  longer 
range  sites  to  determine  tlie  maximum  operating  distance.  The  nondetecting 
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equipments  were  moved  closer  to  ground  zero  or  to  the  most  advantageous 
location  permissible.  Tliis  phase  was  extremely  difficult  oidng  to  the 
necessity  of  simultaneously  manning  three  and  four  widely  separated  sites. 

(C)  On  the  first  shot  (Boltzmann),  three  radars  were  operated  as 
transmitting  equipments  and  one  set,  the  ATj/liPG-l,  was  operated  as  a  pas¬ 
sive  set  (not  transmitting).  None  of  the  radars  caused  any  interference 
to  other  projects  during  the  first  three  events.  Hien  Project  50.3 
personnel  were  notified  that  the  AN/cPS-9  was  causing  interference  to  a 
Department  of  Defense  (DOD)  project,  which  was  responsible  for  aircraft 
location  in  the  test  area,  and  tos- requested  to  keep  the  AN/CPS-9  off  the 
air  until  20  seconds  after  shot  time.  Consequently,  for  the  remainder  of 
the  shots,  the  initial  rate  of  cloud  rise  and  other  phenomena  occurring 
from  detonation  time  to  detonation  time  plus  20  seconds  were  unobserved 
by  tills  equipment. 

(c)  During  the  initial  period  the  A- scope  of  the  AN/CPS-9  was 
photographed  by  a  single-frame  camera  at  various  antenna  elevations  to 
measure  the  intensity  of  the  echo  return  from  different  portions  of  the 
cloud.  At  the  first  site  (ground-zero  range  varied  from  8.5  to  20  miles), 
the  AN/CPS-9  detected  all  but  one  of  the  shots  in  which  it  participated, 
wliile  the  observers  of  the  other  radar  sets  saw  no  indication  of  any 
shot. 


(C)  An  attempt  vas  made  to  measure  the  intensity  of  tlie  signal 
return  from  the  cloud  to  obtain  a  quantitative  value  for  a  numerical  com¬ 
parison  between  1,300-  and  9?300-Mc  radar  equipments.  Ihe  AN/TPS-ID  and 
the  An/MPG-1  were  used  for  this  comparison  because  their  figures  of 
merit  to  detect  scattered  distributors  were  most  comparable  (Table  2). 

'.Ikro  calibrated  oscilloscopes  were  connected  to  the  equipments  as  auxil¬ 
iary  A- scopes  and  the  sweeps  were  photographed  by  motion-picture  cameras. 
These  sets,  however,  did  not  give  sufficient  indication  for  this  compari¬ 
son  to  be  made. 

(C)  On  Shot  Priscilla,  fired  from  Rrenchman's  Plat,  all  the  equip¬ 
ments  except  the  AN/APQ-13  vrere  placed  in  operation  miles  from  ground 
zero.  Hie  shock  vcive  at  tills  location  ^■ras  sufficient  to  force  open  the 
locked  doors  of  the  AN/CPS-9  van,  stopping  the  photorecording  of  tlie  RHI 
for  a  few  minutes.  Operators  of  the  AN/TPS-1D  did  not  observe  an  indica¬ 
tion  of  the  cloud  but  photographs  of  the  PPI  clearly  showed  it  (Rig.  2). 
Hiis  i/as  the  first  time  that  the  AN/tPS-1D  indicated  any  ability  to  detect 
atomic  clouds, 

(c)  Since  the  AN/MPG-1  did  not  detect  any  of  the  previous  shots 
even  at  the  4-milc'  range,  the  set  was  moved  to  the  minimum  safe  distance 
from  ground  zero  for  Shot  Stokes  in  order  to  obtain  some  indication  of  the 
set's  detectability.  Tlie  B-scope,  PPI,  and  auxiliary  A-scope  were 
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Fig.  2  PPI  Display  of  Shot  Priscilla  on  Radar  Set  M/TPS-ID  at  4.5-Mlle  Range  (C) 
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photographed  on  the  remainder  of  the  shots.  After  the  Stokes  event,  the 
an/ TPS- ID  was  also  moved  to  the  minimum  safe  distance  from  ground  zero 
since  it  had  failed  to  Indicate  any  cD.oud  other  than  that  from  Shot 
Priscilla.  These  radar  operators  did  not  detect  any  clouds  by  visual 
observation  from  the  minimum  ranges. 

(C)  The  AN/CPS-9  was  moved  off  the  Nevada  Test  Site  to  an  area 
4o  miles  northeast  of  Yucca  Lake  to  determine  its  ability  to  detect  atomic 
clouds  at  a  greater  range  (Fig.  3).  The  set  remained  at  this  location  near 
the  Hiko  Village  for  three  shots.  Since  maps  of  the  area  were  unavailable 
for  an  accurate  azimuth  bearing  of  ground  zero,  the  AN/CPS-9  vas  operated 
in  sector  scan,  and  the  offset  PPI  was  photographed  for  each  sweep  of  the 
antenna.  As  soon  as  tlie  cloud  was  detected,  the  antenna  was  placed  on 
the  correct  azimuth  and  the  RIII  was  photographed.  From  the  Pllko  location 
the  Air/CPS-9  was  moved  to  a  location  100  miles  south  of  ^cca  Lake  near 
Boulder  City,  Nevada  (FLg.  3).  Here  the  AN/CPS-9  inade  observations  until 
the  end  of  the  test  series. 

(u)  Ibr  the  last  tliree  shots  tlae  AN/TPS-1D  was  moved  to  the  ridge 
between  Yucca  Lake  and  Frenchman's  plat  (Navy  flill)  inhere  the  location 
was  high  enough  to  help  eliminate  the  gi’ound  clutter  tliat  had  made  detec¬ 
tion  difficult  (Plg.  4).  The  APf/llPG-l  continued  to  be  placed  at  the 
minimum  .range  ■(dienever  possible. 

(U)  The  AN/FPS-6  radar  (2,800  Me),  located  on  Angels  Peak  Nr.  1 
about  30  miles  from  Ylicca  Lake,  was  operated  by  the  865th  Aircraft 
Control  and  Warning  Squadron.  Since  this  was  a  restricted  area,  clear¬ 
ance  TOS  arranged  through  the  27th  Air  Division,  Norton  Air  Pbree  Base, 
California.  By  15  August  1957;  permission  tob  granted  Project  50.3 
personnel  to  photograph  the  RIII  of  the  AN/FPS-6.  This  set  was  photo¬ 
graphed  during  the  remaining  shots  of  the  series,  except  during 
Shot  Wheeler. 

RADAR  TI3ST  RESULTS 

Reliability  of  Radar  Equipment 


(u)  In  the  entire  test  series  the  AN/cPS-9  inoperable  on  two 
shots  because  of  malfunctioning.  It  v.ns  not  operated  on  a  third  shot 
because  fallout  on  the  approved  operating  site  vro.s  predicted.  On  tira 
other  shots  the  antenna  had  to  be  operated  manually  \dien  dust  in  the 
hydraulic  fluid  clogged  filters  in  the  antenna-drive  system  shortly  before 
shot  time.  Prior  to  each  of  the  first  four  shots,  the  sensitivity,  power  ■ 
output,  and  frequency  of  the  AN/cPS-9  were  checked.  After  the  fourth 
shot,  the  signal  generator  \ras  no  longer  reliable  for  measuring  sensitivity 
and  power  output,  pbr  the  remainder  of  the  shots,  the  only  means  of  check¬ 
ing  equipment  performance  \/as  by  using  a  built-in  echo  box  and  measuring 
tlie  ring  time  on  the  A- scope. 
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Site  of  Radar  Set  AN/CPS-9  at  and  95-Mlle  Ranges  (c) 
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pig.  4  Radar  Set  m/TPS-ID  Located  on  Navy  Hill  (u) 
(The  reidar  set  is  looking  north  across  the 
Yucca  plats.  The  northern  end  of  YUcca  Lake  is 
seen  at  the  right.) 
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(U)  'Bie  AN/TPS-ID  was  operable  on  all  shots.  On  one  shot,  however, 
the  equipment  operated  at  a  lower  output  because  of  the  arcing  in  a  high- 
voltage  pulse  cable.  Tlie  AN/mPG-1  was  inoperable  on  one  shot  owing  to 
malfunctioning.'  Hie  antenna  positioning  system  was  inoperative  in  PPI 
operation  for  a  period  of  time  after  the  set  had  been  hurriedly  moved  to 
a  new  location  for  a  dry  run.  Only  the  AN/APQ-13  radar  had  excessive 
maintenance  problems  during  the  tests. 

Reliability  of  Shot  Data 


(U)  Data  collected  during  the  test  series  are  suirmiarized  in  Table  3 
and  include;  shot  number,  shot  name,  detonation  time,  equipment,  time 
duration  of  observation,  maximum  height  of  detected  clouds,  measured 
height,  range,  rate  of  rise  indicated  (where  possible)  by  cloud  height  at 
T  +  2  minutes,  and  remarks. 

(S)  Of  the  ten  detonations  detected  on  the  M/CPQ-9  RHI,  seven  indi¬ 
cated  the  maximum  cloud  height  within  5  percent  of  that  measured  by  the 
Civil  Aeronautics  Authority  (CAA).  Hie  measured  cloud  lieight  was  obtained 
from  tlie  CAA  at  Mercury,  Nevada,  and  the  measured  yield  was  received  from 
the  Mercury  rollout  Prediction  Unit,  On  Shots  Boltzmann  and  Stokes,  the 
AN/CPS-9  did  not  verify  the  CAA  maximum  heights  within  this  percentage. 

On  Shot  Boltzmann  (Shot  Nr.  1)  the  detonation  occurred  near  a  macadamized 
ground  cover  that  might  have  restricted  the  amount  of  large  detectable 
particles  thrown  into  the  upper  cloud,  (llgure  ^  Ib  a  photograph  of  the 
Boltzmann  cloud. )  On  Shot  Stokes  the  radar  indicated  the  maximum  cloud 
height  to  be  22,000  feet,  while  the  CAA  height  was  approximately 
35^000  feet.  The  cloud,  however,  separated  into  tv/o  distinct  parts 
approximately  5  minutes  after  shot  time.  (Rlgure  6  is  a  photograph  of 
the  Stokes  cloud.)  Tfie  lower  cloud  (stem)  had  a  measured  maximum  height 
of  22,000  feet.  Tlie  upper  cloud  tos  not  detected  for  two  possible  rea¬ 
sons:  l)  The  radar  detected  tlie  larger  particles  of  the  stem  but  not  the 
smaller  particles  contained  in  the  upper  cloud;  or  2)  The  upper  cloud 
moved  out  of  the  anteima  beam  and  the  radar  continued  to  track  the  lower 
cloud. 

(u)  Tlie  RHI  photographs  were  taken  as  time  exposures  of  the  cathode- 
ray  tube  indicator.  The  antenna  tos  moved  in  elevation  rapidly  from  zero 
degrees  to  an  angle  suff iclenfi”5i^ higli  (with  one  exception)  to  include  the 
cloud  top,  as  visually  seen  on  the  Indicator  (Figs.  6-9).  Hie  return 
sweep  to  zero  degrees  \nx3  also  photographed  on  the  "doim-scan."  Each 
sweep  required  approximately  3  seconds.  Rapid  sweeping  was  used  in  an 
attempt  to  obtain  detailed  information  on  cloud  growth  (rate  of  rise).  A 
single  sweep  of  the  Indicator,  however,  will  not  snow  weak  signals  that 
are  detected  by  photographic  integration.  Tlius  the  rapid  sv/eeplng  proce¬ 
dure  used  during  this  test  iras  not  conducive  to  detecting  the  smaller 
particles  comprising  the  outer  edges  and  areas  of  weaker  cloud  returns. 
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TABLE  3  SUI-iMARY  OF  TEST  DATA  (PART  II  PROJECr  50.3)  (u) 

Duration  of  l-Jaxiunjiri 
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Shot  Stokes  from  Test  Site  at  3.5-Mlle  Range  (C)  b.  RHI  Display  of  Shot  Stokes  on  Radar  Set  AH/CPS-9 

at  11-Mlle  Range  (T  +  5  min)  (C) 
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Shot  Owen  from  Test  Site  at  l4. 6-Mile  b.  RHI  Display  of  Shot  Owen  on  Radar  Set  AIf/CP3-9 

Range  (Radar  Equipments  in  Foreground)  (c)  at  l4. 6-Mile  Range  (T  +  6  min)  (c) 
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Fig.  9  RHI  Display  of  Shots  Boltzmann,  Franklin,  Kepler,  and  Smokey  on  Radar  Set  AN/CPS-9  (u) 

a.  Shot  Boltzmann  at  12-Mlle  Range  (T  +  1^  min)  (C)  h.  Shot  Franklin  at  8-Mlle  Ra^e  (T  +  5  sec)  (C 
c.  Shot  Kepler  at  13-Mlle  Range  (T  +  2  min)  (C)  d.  Shot  Smokey  at  40-Mlle  Range  (T  +  8  min)  (C) 


Ground- Zero  Location 


(u)  Ground  zero  i/as  located  on  the  shots  detected  by  the  M/CPS-9 
and  m/TPS-ID  radars.  Bie  range  and  azimuth  of  ground  zero  with  relation 
to  the  radar  location  could  be  read  directly  from  the  radar  scopes 
(Kgs.  2  and  10).  Pi-om  long-range  sites,  the  clouds  were  detected  by  the 
M/GPS-9  only  after  the  detectable  particles  rose  above  the  elevation  of 
tlae  intervening  terrain.  VJhile  the  radar  was  at  long-range  sites,  a  num¬ 
ber  of  shots  were  fired  wiien  large  ;ri.nd  shears  (speed  and  direction)  were 
present.  Tliese  shears  v;ere  used  to  dissipate  and  scatter  the  clouds  as 
soon  as  possible  to  minimize  fallout  hazards.  On  some  shots  this  shear 
prevented  the  detectable  particles  from  reaching  the  altitudes  necessary 
to  intersect  the  radar  beam  (plg.  5). 

(u)  Tlie  accuracy  of  locating  ground  zero  depends  on  the  height  at 
which  the  cloud  is  detected,  the  elapsed  time  after  detonation,  the  rate 
of  rise  of  the  detectable  cloud,  and  the  radar  characteristics  (pulse 
width  and  beam  width). 

(U)  Beam  Width  (Azimuth  and  Elevation  Location).  pd.gure  11  shows 
curves  depicting  'the  width  of  the  radar  beams  (between  half-power  points) 
at  various  ranges  up  to  50  miles  for  the  various  radar  sets.  The  smaller 
the  beam  ^ri.dth,  the  more  accurate  the  target  azimuth  or  elevation  location. 
A  target  that  is  small  with  respect  to  beam  mdth  vd.ll  indicate  essentially 
the  same  location  on  a  display  regardless  of  its  position  in  the  beam. 

Since  the  beain  direction  is  concidered  to  be  along  the  axis  of  the  beam, 
the  maximum  error  in  locating  a  target  smaller  than  tlie  beam  \d.dth  is  plus 
or  minus  one-half  tlie  beam  vd.dth  at  the  range  of  the  target.  Appendix  III 
shows  the  method  for  calculating  the  beam  \ri.dth  at  various  ranges. 

(U)  Pulse  Width  (Range  Location).  Cie  range  accuracy  of  a  radar  set 
depends  among  other  factors  on  its  pulse  width.  'Bie  shorter  the  pulse 
vd.dtli,  the  more  accurate  the  range  location.  With  clouds  as  targets 
(dlsti'ibuted  scatterers),  the  portion  of  the  pulse  that  reflects  a  detecta¬ 
ble  signal  is  not  knovrn.  Bie  cloud  edge  is  difficult  to  detect  on  account 
of  the  tapering  off  of  the  scatterer  density.  If  the  pulse  center  is 
assumed  to  be  the  target  range,  the  maxiraiuii  erz’or  in  range  location  will 
be  plus  or  minus  one-half  the  pulse  width.  Bie  formula  to  convert  pulse 
width  (t)  into  radar  distance  (d)  is:  d  =  CT/2  v;here  C  is  speed  of  propa¬ 
gation,  Table  4  sliows  the  pulse  width  of  tlie  various  radar  sets. 

(U)  Tlie  detection  height  affects  the  accuracy  of  the  gz'ound-zero 
location.  If  only  the  upper  cloud  is  detected,  its  large  diameter  makes 
ground  zero  more  difficult  to  estimte  than  if  the  narrow  stem  were 

detected,  Ibe  higher  the  cloud,  the  more  time  the  wind  has  to  move  the 
cloud  away  from  groimd  zero  (Fig.  5a).  The  elapsed  time  to  detection 
affects  location  accuracy — the  longer  the  period  before  detection,  the 
more  time  the  wind  has  to  move  the  detected  cloud  away  from  ground  zero. 


22 


CONFIDENTIAL 


CONFIDENTIAL 


RANGE  (MILES) 


TABLE  4  RAN®  ACCURACY  CF  RADAR  EQUIPMENTS  (u) 
(Part  II;  Project  50*3) 


AN/CPS-9 

5  ;isec 

/l;225  ft 

an/cps-9 

,5  JU-sec 

1  123  ft 

AN/TPS- ID 

2  4sec 

1  490  ft 

AN/APQ-13 

2  ^sec 

1  490  ft 

M/MPG-1 

.25  4sec 

1  61  ft 

an/fps-6 

2  usee 

1  490  ft 

an/fps-6 

3  jueec 

i  735  ft 
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The  rate  of  cloud  rise  affects  location  accuracy  owing  to  its  relation  to 
the  elapsed  time  to  detection. 

(c)  Detection  by  Attenuation.  The  AN/MPG-1  did  not  indicate  clouds 
on  any  shot  even  though  it  observed  the  detonations  at  the  minimum  safe 
distance  from  ground  zero.  However,  the  fireball  was  detected  on  an 
auxiliary  A-scope  by  the  attenuation  of  targets  beyond  ground  zero.  Sig¬ 
nals  from  these  targets  -vrould  disappear  \d.thin  a  second  after  T-0  and  be 
absent  for  6  to  7  seconds.  They  would  completely  recover  in  less  than  one 
second.  Tlie  fireball  activity  might  have  absorbed  enough  radar  energy  to 
weaken  the  return  from  the  echoes  beyond  the  detonation.  The  A-scope  may 
have  indicated  the  shock-wave  movement  but  since  the  indication  was  very 
small,  no  definite  conclusions  can  be  made. 

Yield  Correlation 

(s)  Cloud  Height.  Since  seven  of  the  ten  shots  observed  on  the 
An/CPS-9  RHI  indicated  the  maximum  cloud  heights  id-thin  5  percent  of  the 
cloud  height  measured  by  the  CAA  at  ^^ercury,  Nevada,  a  correlation  was 
attempted  between  yield  and  maximum  cloud  height  observed  by  radar.  On 
one  occasion  the  radar  cloud  height  exceeded  the  CAA-measured  height  by 
2,200  feet.  The  radar  echo  in  this  case  was  more  accurate  in  determining 
the  maximum  cloud  heiglit  than  the  CAA  measurement  since  radar  energy  must 
be  reflected  from  a  target  to  be  indicated.  The  beam  width  could  have 
caused  an  eri'or  of  approximately  1,500  feet  at  the  15-mlle  cloud  range; 
however,  this  error  is  too  small  to  explain  the  height  difference. 

(c)  To  determine  the  correlation  of  the  radar's  maximum  cloud  height 
and  yield,  a  curve  was  drawn  using  all  the  data  available  from  previous 
tests.  Figure  12  shows  the  curve  from  idilch  it  -v/as  drawn.  Variation  in 
cloud  heights  for  equal  yield  detonations  made  it  difficult  to  fit  a  rep¬ 
resentative  curve  to  the  data.  The  absence  of  low-yield  detonations  from 
1  to  10  kt  is  clearly  indicated.  Figire  12  shows  that  the  yield  can  be 
determined  within  a  factor  of  two  by  measurement  of  the  cloud  height  with¬ 
out  consideration  of  meteorological  conditions. 

(C)  The  stabilization  height  of  the  top  of  a  nuclear  cloud  is  primar¬ 
ily  a  function  of  the  yield  of  the  buret.  Although  meteorological  condi¬ 
tions  present  in  the  cloud's  environment  somewhat  alter  the  theoretical 
stabilization  height  (up  to  ±  15  percent),  an  unknown  yield  can  be 
estimated  with  Icnowledge  of  cloud-stabilization  height. 

(c)  A  nuclear  cloud  may  continue  to  rise  (or  sink)  after  stabilization, 
subject  to  the  environmental  conditions  present.  Tlaese  changes  in  height 
after  stabilization,  however,  are  due  to  meteorological  effects.  They 
cannot  be  considered  in  estimating  the  yield  of  the  burst.  For  bursts  of 
all  yields,  stabilization  (which  usually  occurs  4  to  6  minutes  after  detona¬ 
tion)  can  be  considered  to  be  complete  by  10  minutes  after  detonation. 
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Fis*  12  Nuclear  Yield  Versus  Cloud  Radius 
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(S)  Table  5  shows:  l)  A  comparison  betvreen  the  measured  yield  of 
the  detonation  and  tlie  estimated  yield  from  radar  data,  using  the  radar- 
detected  cloud  height  and  the  cloud  height  from  the  curve  of  Figure  12; 

2)  The  ratio  of  the  measured  yield  to  that  estimated  by  radar  cloud  detec¬ 
tion;  3)  A  direct  comparison  between  the  c].oud  heights  measured  by  the 
CAA  and  by  badar;  and  4)  'I'he  ratio  of  the  cloud  height  indicated  by  radar 
to  that  measured  by  the  CAA.  From  Table  5  it  appears  that  radar  equipment 
operated  under  the  conditions  of-  the  Nevada  Test  Site  may  be  able  to  deter¬ 
mine  the  yield  of  a  detonation  (idien  tlie  entire  cloud  height  is  measured) 
to  a  factor  of  approximately  two.  Further  participation  in  nuclear  tests 
is  required  so  that  sufficient  data  may  be  collected  from  various  yield 
detonations  at  different  ranges  and  altitudes.  V/ith  improved  and  advanced 
instrumentation,  the  resultijig  data  will  permit  a  more  accurate  determina¬ 
tion  of  yield. 

(c)  Radar  equlp)ment  may  offer  a  more  accurate  means  of  measuring 
cloud  heights  than  other  equipment.  Optical  ground-based  equipment  does 
not  have  the  ability  to  see  through  intervening  clouds.  It  is  extremely 
difficult,  if  not  impossible,  for  this  equipment  to  observe  the  extreme 
top  of  the  cloud  at  short  ranges  because  of  the  cloud  shape.  The  CAA 
observations  rely  on  the  aircraft  altimeter  and  on  the  judgment  of  flight 
personnel. 

(C)  From  the  analyzed  data.  Project  50.3  personnel  believe  that  the 
cloud  heights  could  be  measured  more  accurately  by  slowing  the  antenna 
sweep  motion.  Greater  integration  of  the  signals,  gained  by  the  slower 
antenna  sweep,  would  allow  the  weaker  echoes  to  be  indicated  on  the 
radar's  RHI. 

(c)  Cloud  Diameter.  Cloud-diameter  measurement  is  another  possible 
method  of  correlating  the  detonation  yield  and  the  radar  cloud  indication. 

A  curve  of  stabilized  cloud  radius  versus  yield  was  developed  by  the 
Fhllout  Team  of  Project  50.3  (Fig.  12).  Tlie  radar  equipment  did  not  give 
a  very  accurate  cloud-diameter  measurement  because  of  the  indicator  ranges 
required  for  cloud  indication.  In  addition,  no  quality  data  are  available 
on  the  actual  cloud  diameters.  Tlierefore,  no  correlation  of  yield  versus 
cloud  diameter  has  been  made.  On  future  operations  a  recording  theodo¬ 
lite  ^fill  be  used  to  record  cloud  dimensions  including  time,  azimuth,  and 
elevation  angle  information.  Greater  accuracy  in  determining  radar 
cloud-diameter  measurements  could  be  obtained  by  using  the  5-  or  20-mile 
gated  sweeps  of  the  AN/cPS-9  A- scope. 

(c)  Rate  of  Rise,  'flic  initial  rate  of  cloud  rise  may  offer  a  means 
of  correlating  yield  and  radar  indication.  Unfortunately  the  Interference 
that  kept  the  AN/cPS-9  from  transmitting  for  20  seconds  after  detonation 
time  prevented  a  complete  rate  of  rise  study.  Data  were  available  for 
only  the  first  two  shots. 

(c)  On  Shot  Franklin  the  cloud  echo  appeared  to  decrease  in  height 
after  T  +  12  seconds  and  resumed  its  climb  again  after  T  +  36  seconds. 
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The  decrease,  which  occurred  during  the  time  that  the  fireball's  influ¬ 
ence  may  still  be  prevalent,  might  be  directly  related  to  the  effects  of 
the  fireball.  One  solution  is  that  the  fireball  or  resulting  heat  may 
create  a  radar  signal  reflector  that  initially  rises  to  a  height  above 
the  debris  thrown  into  the  air.  As  the  fireball  dissipates,  the  echo  may 
decrease  in  height  until  the  debris  rising  from  ground  zero  is  detected 
as  a  rising  cloud.  A  detailed  account  of  Shot  FrarJclin  detected  on  the 
AN/CPS-9  RHI  is  given  in  Appendix  IV. 

(c)  Another  unexpected  phenomenon  occurred  on  Shot  Franklin,  Very 
narrow  columns  or  spikes  appeared  directly  over  ground  zero  at  T  +  5  seconds, 
extending  to  the  maximum  height  of  the  antenna  sweep  (6,500  feet),  and  per¬ 
sisted  for  12  seconds.  They  might  have  been  streams  of  electrons  forced 
upward  from  ground  zero. 

(c)  Figure  13  shows  the  rate  of  rise  of  the  shots  recorded  from  the 
AN/cpS-9  RHI.  From  these  curves  it  appears  that  a  correlation  might 
exist  between  rate  of  rise  and  yield.  At  a  particular  time  after  detonation, 
before  cloud  stabilization,  the  lowest  yield  shot  shows  the  lowest  cloud 
height  reached  at  that  time,  and  the  cloud  heights  increase  as  the  yield 
increases.  This  indicates  a  faster  rate  of  rise  for  higher  yields.  Three 
shots  of  similar  yields,  two  at  10  kt  and  one  at  11  kt,  show  cloud  heights 
within  3^000  feet  of  each  other  at  equal  time  after  detonation.  There 
should  be  further  tests  to  determine  the  complete  rate  of  rise  of  various 
yield  shots.  The  present  data  are  inadequate  for  definite  conclusions. 

Since  the  AN/CPS-9  vas  calibrated  to  indicate  50^000  feet  in  4.5  inches,  • 
it  was  difficult  to  observe  and  measure  clouds  in  the  first  few  thousand 
feet. 


(u)  The  AN/CPS-9  antenna-elevation-positioning  system  also  makes  it 
difficult  to  accurately  measure  rate  of  rise.  The  antenna  was  manually 
controlled  to  increase  the  niunber  of  vertical  sweeps  per  minute.  This 
caused  the  antenna  to  reverse  direction  much  faster  than  with  automatic 
control  and  also  to  move  faster  to  follow  the  manual  control.  Tlie 
increased  antenna  movement  accentuated  the  servo  lag,  causing  the  succes¬ 
sive  up  and  down  sweeps  to  measure  a  one-degree  difference  in  elevation 
angle  or  approximately  1,500  feet  at  a  15-raile  range.  This  type  of  error 
can  be  reduced  by  photographing  successive  sweeps  ins  bead  of  isolated  up 
or  down  sweeps  or  by  slowing  the  antenna  motion. 

DETECTION  THEORY 

(C)  In  nuclear  tests  prior  to  Operation  Redwing,  shots  were  observed 
by  radar  equipment  and  the  resulting  echoes  were  recorded.  A  ring  around 
ground-zero  location  that  gradually  increased  in  size  and  moved  away  from 
the  detonation  area  was  recorded  by  aircraft  radars.  This  ring  coincided 
with  the  measured  movement  of  the  shock  wave.  Several  shots  showed  a 
horseshoe- shaped  echo  around  ground  zero  rather  than  a  continuous  ring. 

Tlie  open  part  of  the  horseshoe  might  be  attributed  to  the  attenuation  of 
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radar  elgnala  as  they  passed  through  the  nuclear  cloud  or  fireball. 

Ihere  are  two  possible  reasons  for  this  detection:  l)  Hie  shock  wave 
might  have  caused  a  surface  disturbance  that  reflected  the  radar  energy, 
or  2)  The  sharp  discontinuity  at  the  shock- wave  front  might  have  reflected 
the  radar  energy.  A  combination  of  both  actions  might  have  caused  the 
signal  return.  A  detailed  study  of  this  reflection  has  not  been  made. 

(c)  The  success  of  the  AN/cPS-9  in  detecting  and  tracking  atomic 
clouds  at  the  Eniwetok  Proving  Ground  may  be  attributed  to  a  number  of 
factors:  1)  Hiis  was  the  most  powerful  X-band  set  used  during  Operation 
Redwing;  2)  Hie  ecjuipraent  was  developed  to  detect  water  particles  associ¬ 
ated  with  storm  areas  and  these  areas  possess  many  atomic-cloud  charac¬ 
teristics  such  as  a  large  volume  of  scatterers,  slow  azimuth  movement, 
vertical  structure,  etc;  and  3)  The  high  humidity  of  the  atmosphere  and 
the  moisture  from  the  surface  water  at  ground  zero  made  the  Pacific  Test 
Area  almost  ideal  for  detonation  detection  and  cloud  tracking.  The  entire 
cloud  (stem  and  upper  cloud)  was  detected  at  a  200-raile  range. 

(c)  The  detectability  of  the  radar  equipment  in  the  low  humidity 
conditions  of  the  Nevada  area  was  not  expected  to  compare  with  the  results 
obtained  in  the  Pacific  area.  Hie  radar  energy  was  scattered  by  water 
particles  and  by  debris  and  dust  particles  thrown  into  the  air  by  the 
burst.  Since  the  upper  cloud  remained  visible  long  after  the  radar  indi¬ 
cation  was  lost,  the  undetected  cloud  might  have  consisted  of  dust  and 
water  particles  too  small  to  reflect  enough  energy  for  radar  detection. 

The  small  moisture  content  at  the  Nevada  Test  Site  would  partly  contrib¬ 
ute  to  the  scatter  of  the  radar  energy — the  moisture  at  the  lower  levels 
is  forced  to  the  higher,  colder  levels  and  condensed  into  larger  particles. 
These  droplets  might  have  been  large  enough  to  reflect  the  radar  energy 
from  the  cloud  and  as  they  grew,  became  heavy  enough  to  counteract  the 
lift  of  the  burst  and  fell  back  toward  the  ground.  The  heat  at  the  lower 
levels  might  have  evaporated  these  particles. 

CONCLUSIONS 

(C)  Prom  radar  data  collected  at  the  Nevada  Test  Site  during  Operation 
Plurabbob,  it  was  concluded  that: 

(C)  1.  The  An/cpS-9  radar  set  (9-300  Me)  was  superior  to  both  the 
AN/TPS-U)  (1,320  Me)  and  AN/FPS-6  (2,^0  Me)  radar  sets  in  detecting  and 
tracking  atomic  explosions. 

(c)  2.  The  radar  echoes  were  reflections  from  dust  and  debris  parti¬ 

cles  thrown  into  the  air  and  from  water  droplets  condensed  by  the  explosion 
effects,  (The  large  particles  were  of  sufficient  size  to  reflect  detecta¬ 
ble  energy  back  toward  the  radar  equipment.  The  small  particles  that 
remained  suspended  for  long  periods  of  time  did  not  reflect  sufficient 
energy  for  detection  by  the  present  receiving  systems.) 
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(c)  3*  'Ae  AN/cPS-9  detected  l4  of  the  l8  shots  in  which  it  was 
operational.  On  three  of  the  eight  shots,  with  equipment  located  at  dis¬ 
tances  of  Uo  and  100  miles,  sufficiently  large  particles  did  not  rise 
above  the  elevation  of  an  intervening  mountain  (6,000-7^000  feet).  One 
shot  (John)  was  an  atomic  warhead  rocket,  fired  from  an  aircraft  in  flight, 
for  which  insufficient  particles  were  available  for  reflection  of  radar 
signals.  (At  detonation  time  the  radar  antenna  was  not  on  target  because 
of  operating  difficulties  and  it  swept  through  the  area  at  T  +  2  minutes.) 

(S)  h.  The  AN/CPS-9  detected  a  1,500-pound  detonation  at  a  15-mile 
range  (the  lowest  yield  detonation  in  this  operation),  a  5-ht  detonation 
at  a  40-mlle  range,  and  a  10- kt  detonation  at  a  100-mlle  range.  (Three 
observations  were  made  at  the  40-mile  range — 5^  10,  and  40  kt — and  five 
observations  were  made  at  the  100-mile  range — .25,  2,  10,  15,  and  40  kt.) 
Fbr  detection  at  longer  ranges,  the  atomic  cloud  had  to  rise  above  the 
terrain  elevation  between  the  radar  location  and  ground  zero. 

(C)  5<>  Tlie  AN/TPS-1D  radar  detected  and  tracked  atomic  clouds  from 

two  of  the  21  shots,  one  at  a  range  of  4.5  miles  and  the  other  at  7  miles. 
On  a  number  of  shots  the  detonation  could  be  observed  by  the  attenuation 
of  the  echo  signals  of  targets  beyond  ground  zero,  but  the  cloud  could  not 
be  located. 

(C)  6.  Tlie  AN/1TS-6  radar  detected  two  of  the  four  shots  in  I'/hich  it 
participated  at  a  site  30  miles  from  the  Nevada  Test  Site  wliere  there  were 
no  intervening  high  mountains. 

(c)  7«  Hie  AN/mF'G-I  radar  did  not  detect  any  clouds  because  of  its 

low-power  output,  low-gain  antenna,  and  low- sensitivity  characteristics. 
This  set  might  have  observed  the  shock  wave  of  two  detonations  on  the 
auxiliary  A- scope.  The  detonation  was  indicated  by  the  attenuation  of 
signals  from  targets  beyond  the  range  of  ground  zero, 

(c)  8.  Ground-zero  location  of  an  atomic  explosion  can  be  determined 

within  the  accui'acies  of  the  radar  equipment  provided  sufficiently  large 
particles  are  pi-ojected  high  enough  to  intersect  the  radar  beam  directly 
above  grovmd  zero. 

(s)  9.  Tlie  maximum  cloud  height  as  indicabed  by  the  Kill  of  the 

AN/CPS-9  was  T-athin  5  percent  of  the  CM  measured  value  on  7  of  10  deto¬ 
nations.  'Biese  detonations  were  at  ranges  from  4  to  40  miles  and  varied 
from  5-  to  40-kt  yields.  Because  four  of  the  radar-measured  heights  indi¬ 
cated  values  higher  than  the  CAA- measured  heiglits,  the  use  of  radar 
equipment  might  be  a  means  of  accurately  measuring  cloud  heights  and  cloud 
dimensions  from  ground-based  equipments. 

(S)  10.  Detonation  time  as  compared  to  radar-detection  time  will 

depend  on  the  rate  of  cloud  rise  and  terrain  elevation  between  the  radar 
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location  and  ground  zero.  On  direct  line-of-site  locations  at  the 
Nevada  Test  Site,  approximately  3  seconds'  vras  req.uired  before  detonations 
became  clearly  visible  on  the  AN/CPS-9  RHI. 

(S)  11.  Within  the  range  of  yields  and  operating  under  the  condi¬ 

tions  of  the  Nevada  tests,  the  cloud  height  measured  by  Radar  Set  M/CP3-9 
indicated  the  yield  within  a  factor  of  approximately  two  on  all  detonations 
in  ;diich  the  entire  cloud  was  observed. 

(c)  12.  The  antenna- elevation  sweep  was  too  fast  to  allow, the  weaker 

cloud  echoes  to  be  indicated.  The  integration  gained  by  slower  sweeps  and 
multiple- sweep  photographs  would  improve  the  detectability  of  weak  cloud 
echoes  and  allow  measurements  of  cloud  dimensions. 

(C)  13.  A  correlation  exists  between  rate  of  cloud  rise  as  detected 

by  radar  and  yield.  The  present  data  are  inadequate  to  determine  the 
yield  correlation. 

REC0^“4)■'2^T.ATI0NS 

(c)  1.  It  is  recommended  that  further  radar  detection  and  tracking 
of  nuclear  clouds  be  made  at  both  the  Pacific  and  the  Nevada  Test  Areas  to 
determine  the  following: 

a.  'Bie  maximum  range  at  which  the  AN/CPS-9  can  detect 
nuclear  explosions  of  tactical- size  detonations  (all  yields  up  to  100  kt) 
and  large  jdeld  detonations  (lOO  kt  upward)  under  the  humid  conditions  of 
the  Pacific  area  and  the  dry  conditions  of  the  Nevada  area. 

b.  The  degree  of  accuracy  at  wiiich  the  radar  can  measure  the 
entire  cloud  dimensions  under  the  atmospheric  conditions  of  both  test 
sites.  (Adequate  measurement  of  the  entire  dimensions  of  clouds  should  be 
made  with  a  recording  theodolite  for  a  good  comparison  check  with  the 
radar  equipment.) 


c.  The  initial  rate  of  cloud  rise.  (The  elevation  scale  on 
the  RHI  must  be  expanded  to  allow  the  initial  rate  of  rise  to  be  indicated 
on  the  scope  for  accurate  measurement  in  determining  correlation  of  yield 
and  radar  echo.) 


d.  Whether  the  existence  of  fallout  can  be  indicated  by  the 
intensity  of  the  echo  return  and  ■whether  this  intensity  of  the  return  from 
various  portions  of  the  cloud  can  be  related  with  the  measured  fallout. 

(C)  2.  A  study  should  be  made  of  the  effects  of  atmospheric  condi¬ 

tions  at  detonation  time  on  atomic-cloud  characteristics. 
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(c)  3.  A  method  should  be  devised  to  enable  tlie  operator  to  deter¬ 

mine  by  use  of  RHI  the  occurrence  of  an  atomic  explosion.  The  radar-scope 
display  should  indicate  the  shot  location  vrfien  a  sudden  echo  appears  on 
the  scope. 
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who  assisted  this  project. 

(U)  The  project  personnel  from  USASRDL  are  to  be  commended  for  their 
willingness  and  perseverance  to  support  this  operation  at  all  hours  of  the 
day  or  night  despite  many  difficult  and  seemingly  impossible  conditions  and 
obstacles.  The  AN/TPS-ID  radar  set  and  operating  personnel  supplied  by  the 
USASRDL  Radar  Division  permitted  the  collection  of  L-band  radar  data.  An 
excellent  performance  was  demonstrated  by  Mr.  J.  P.  Schmitz  of  the  Meteorol¬ 
ogical  Techniques  Branch,  USASRDL,  whose  tireless  efforts  assured  the  utmost 
in  the  form  of  project  communications,  power  sources,  and  general  field  site 
management . 


35 


CONFIDENTIAL 


APPENDIX  I 


I3QUATI0N  FOR  COMPARISON  OF  RADAR  EQUIPMENTS  CHARACTERISTICS  (U) 


(U)  The  two  areas  for  collaring  radar  equipments  are: 
l)  The  received  signal  power  from  a  particular  target,  and  2) 

The  sensitivity  of  the  individual  equipments.  The  received  signal 
power  indicates  the  amount  of  reflected  signal  received  from  the 
target,  and  the  sensitivity  of  the  equipment  indicates  the  equip*» 
raent's  ability  to  distinguish  the  received  signal  in  spite  of 
inherent  noise  levels. 

(u)  The  equation  for  tlie  ratio  of  received  signal  power  to 
receiver  noise  power  is: 

3_ 

s  _  y-  por  .  -/f  ^  )2 

N  ^  (TTtb) 

where:  S  =  received  signal  power  (mtts) 

N  =  receiver  noise  power  (watts) 

P  =  peak  povrer  output  (iC:/) 

T  =  radar  pulse  length  (microseconds) 

G  =  antenna  gain 
X=  wavelength  (centimeters) 

B  =  receiver  IF  bandwldtli  (Me) 
n  =  receiver  noise  figure 

K  =  constant  incorporating  all  other  factors  not  dependent 
upon  radar  characteristics 

f  =  pulse  repetition  frequencies  (sec”^). 


(u)  There  are  two  assimiptions:  l)  That  the  target  cloud  consists 
of  a  uniform  distribution  of  snail  particles  and  that  this  target  cloud 
fills  the  beam  and  extends  over  a  depth  of  at  least  one-half  the  pulse 
packet;  and  2)  That  all  radar  equipments  used  are  at  the  same  range  from 
the  target. 

(u)  The  above  equation  is  not  the  same  expression  as  that  applicable 
to  the  detection  of  a  point  target. 
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(u)  The  received  signal- to-noise  power  ratio  of  the  radar  equip¬ 
ments  used  in  Project  50.3  and.  comparison  of  each  with  Radar  Set  AN/CPS~9 
are  tabulated  in  Table  2  of  this  report.  Tlie  higlier  the  value  of  the 
received  signal-to-noise  power  ratio,  the  greater  the  ability  of  the 
equipment  to  detect  nuclear  clouds. 
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COMMUNICATIONS  FOR  PART  II,  PROJECT  50.3,  OPERATION  PLUMBBOB  (U) 


(u)  During  the  preparative  stages  of  Part  II,  Project  50.3,  con¬ 
siderable  thought  was  given  to  the  use  of  frequencies  and  equipment  that 
would  give  reliable  voice  communication  and  teletype  reception  over  a 
24-hour  period.  Voice  communication  was  necessary  for  coordination  of 
the  various  radar  equipments  that  wouJ.d  be  located  from  one  to  two-hundred 
miles  apart  and  for  the  teletype-facsimile  reception  of  weather  information. 
Chdug  to  the  range  variation  and  tlie  mountainous  terrain,  frequencies  in 
the  high-frequency  (HF)  range  were  desirable  for  long  distances  and  those 
in  the  very-high-frequency  (VHF)  laiige  were  desirable  for  shorter  distances. 
Therefore,  requests  for  four  HF  fixed  stations,  one  VHF  fixed  station,  and 
six  VHF  mobile  stations  were  forwarded  to  the  Frequency  Coordinator  of 
Operation  Plumbbob, 

(u)  After  these  frequencies  were  authorized,  equipments  were  selected 
for  the  communication  link  and  for  establishing  teletype  information  by 
landline  and  radio  channels.  Consideration  was  given  to  the  possibility  of: 
l)  Obtaining  data  on  count  down  and  on  weather;  2)  Combining  with  other 
project  networks;  and  3)  Monitoring  all  frequencies  from  high  frequency 
through  very-high  frequency  tlmt  might  be  of  value  to  Project  50.3. 

(U)  The  cormtiunication  control  center,  the  nucleus  of  this  operation, 
was  located  at  the  same  site  id-th  Radar  Set  AN/CPS-9.  This  communication 
control  center  occupied  one-half  of  the  V-51  van  that  transported  the 
AN/CPS-9  pedestal  and  antenna.  In  the  van  were:  two  workbenches,  all 
necessary  coiranunication  equipment,  receivers  for  HP  to  VHP  reception,  the 
AN/TRC-22  base  station  for  VHF,  the  VRC-6  for  the  VHF  mobile  station,  the 
BC-6iO  and  T-368  for  Iff  transmission,  the  CV-115  frequency  shift  conversion, 
Model-28  teletype  for  \jeather  copy,  the  TT-4  teletype  for  straight  copy, 
the  AIJ/TXC-1  facsimile,  ajid  complete  test  equipment  for  maintenance  and 
repair  of  all  communication  equipment. 

(U)  During  the  first  half  of  the  test  series,  all  radar  sets  were 
located  close  to  one  another,  simplifying  comjiiuni.cation  to  and  from  the 
various  equipment  sites.  There  was  considerable  difficulty,  hOA^ever,  in 
maintaining  VHF  communication  beti/een  the  base  comp  at  Cajiip  Desert  Rock, 
Nevada,  and  the  AN/GMD-1  site  at  Alno,  Nevada,  owing  to  the  mountainous 
conditions  of  the  forty-air-mile  separation.  Because  of  lack  of  space 
in  the  AN/Gf®-1  van  for  installation  of  the  HI''  transmitter  and  receiver, 
high  frequency  tos  not  used.  After  continued  efforts  to  use  very-higli 
frequency  to  the  extent  of  installing  special  high-gain  antennas,  the 
50.4-Mc  frequency  was  abandoned  and  coiimuiication  i/as  accomplished  by 
landline . 

(U)  Field  phones  EE-8  Arere  used  for  communication  among  gi-ouped 
radar  sets;  VHF  radio  link  and  landlinc  Aiere  used  for  conniiunication 
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beUreen  radar  site  and  base  camp.  A  valkie-tallcie,  furnished  by  the 
Department  of  Defense  (DQD),  ms  used  tJiroucJiout  tlie  series  to  enable 
Project  50*3  personnel  to  communicate  directly  with  tlie  DOD  control 
center  and  to  receive  instructions  during  dry  runs,  and  for  use  as  an 
emergency  link  during  the  actual  tests.  Tliis  communication  was  sup¬ 
ported  by  landlines  supplied  by  tlie  DQD  and  the  Desert  Rock  operations. 
Count  do™  ms  monitored  on  very-high  frequency  and  on  landline. 

(u)  Idiile  Project  50*3  was  still  in  the  preparative  stage,  plans 
were  made  for  the  fallout  team  to  occupy  the  rear  half  of  the  V-51  van 
as  this  space  would  be  vacant  when  the  AN/CPS-9  ms  set  up  for  operation. 
In  this  location  the  fallout  team  could  receive  weather  data  over  teletype 
and  facsimile  equipment.  However,  on  arrival  at  the  Nevada  Test  Site, 
the  team  ms  located  adjacent  to  the  weather  station  where  its  facilities 
could  be  used,  making  it  unnecessary  for  Project  50*3  to  set  up  its  am. 
weather-data  receiving  station. 

(u)  During  the  second  half  of  this  operation  when  the  radar  equip¬ 
ment  had  to  be  moved  to  various  locations,  communication  became  more 
complex.  The  radars  located  \d.thin  the  test  area  were  supported  with 
VHF  radio  links  mounted  in  mapons  carriers.  The  AN/CPS-9  radar  located 
off  site  used  HF  radio  link  to  the  base  camp  at  Desert  Rock. 

(U)  From  experience  gained  in  this  operation,  reliable  commun¬ 
ication  links  are  important  safety  measures  in  addition  to  being  necessary 
tactical  equipment.  In  an  operation  of  this  size,  preparedness  for 
handling  communication  problems  ms  invaluable  in  fulfilling  the  technical 
aspects  such  as  synchronization  of  observations  and  exchange  of  technical 
information  ajuong  tlie  various  operating  sites. 
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DERIVATION  OF  BEAM  \mym  VERSUS  RANGE  EQUATION  (U) 


X 


B  s  beam  width  angle 
R  =  range 

X  s  5  beam  width  at  R  range 
Since  R  »  is  assumed  to  be  a  right  angle 
Tan  ?  6  a  ^ 

X  a  R  tan 

Beam  width  at  R  range  a  2  R  tan  ^  Q . 


Beam  Width 
AN/CPS-9 
AN/TPS-10 
AK/MPG-1 

an/apg-13 

AN/FPS-6 


Horizontal 

Vertical 

Pulse  Width 

1° 

1° 

.5  &  5  MS' 

4° 

12° 

2 

.?5 

3° 

.25 

3° 

3° 

2 

0 

1 

3° 

2  &  3 
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RANGE-HEIGHT-INDICATOR  DATA  OF  SHOT  FRANKLIN  (u) 


(c)  Several  photographs  of  the  range -heii^t  indicator  prior  to 
time  zero  on  Shot  Franklin  indicated  double  returns  or  echoes  from  the 
shot  tower j  as  well  as  from  all  other  areas  having  small  cross  sections. 

The  double  returns  were  about  0.5  miles  apart,  the  stronger  echo  having 
the  greater  range.  This  appears  to  be  due  to  frequency  modulation  in 
the  magnetron  output.  Hie  tower  height  as  indicated  by  the  radar  equipment 
was  about  2,500  feet.  At  the  T  /  2  seconds  sweep,  the  tower  target  rose 
1,000  feet  and  the  cross  section  of  the  double  image  increased  to  the 
extent  of  almost  merging  into  one  large  return.  The  image  at  T  /  5  seconds 
had  further  merged  and  risen  another  1,000  feet.  Appearing  directly  above 
the  area  of  each  of  the  double  tower  images  were  spike  returns  extending 
1,000  feet  or  more  higher  than  the  rest  of  the  return.  [Hie  height  might 
have  been  greater,  for  the  antenna  sweep  was  stopped  at  this  hel^^t  over 
the  target.  At  Ti'  seconds  the  main  body  of  the  image  had  thinned  out,  but 
the  spikes  remained  up  to  at  least  5^500  feet,  the  maximum  antenna-scan 
height.  At  10  seconds  the  main  body  of  the  return  was  again  heavy  and 
the  spikes  were  up  to  at  least  6,500  feet,  idiich  was  the  top  of  the 
increased  antenna-elevation  sweep. 

(C)  The  results  are  shown  in  the  table  attached  to  this  appendix 
entitled  "Tabulation  of  Heights  with  Time  for  Shot  Franklin." 
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FRANKLIN  (U) 


Time 

T  +  Seconds 

of 

Spikes 

Top  of 
ffein  Echo 

Remarks 

-Pre  shot 

2500  ft. 

Tower  -  tvo  individual  echoesi  'k  mile  apart. 

2 

— 

3500  ft. 

Main  echo  intense,  almost  merged. 

5 

5500  ft. 

4500  ft. 

Main  echo  further  merged. 

5500  ft. 

4500  ft. 

Main  body  less  intense. 

10 

6500  ft. 

4500  ft. 

Main  body  again  very  intense. 

12 

6500  ft. 

4500  ft. 

Main  body  merged;  spikes  strong. 

15 

6500  ft. 

4000  ft. 

Separated  images;  spikes  weak. 

17 

6500  ft. 

4000  ft. 

Separated  images;  spikes  weak. 

19-25 

7000  ft. 

4000  ft. 

Separated  images;  spikes  weak. 

27-36 

4ooo  ft.  + 

Separated  images;  spikes  no  longer  visible. 

38 

____ 

4000  ft. 

Separated  images;  spikes  no  longer  visible. 

4i-54 

5000  ft. 

Separated  images;  spikes  no  longer  visible. 

56-59 

5500  ft. 

Stem  and  cloud  separating. 

62-70 

6000  ft. 

Stem  barely  detectable  immediately  above 
ground  clutter. 

73-90 

____ 

7000  ft. 

Top  2000  feet  of  cloud  less  dense. 

93 

____ 

9000  ft. 

5000-9000  ft  level  spreading  out. 

97-205 

-— — — 

6000  ft. 

5000-6000  foot  level  of  the  return  vas  all 
that  was  visible  except  for  what  was 

left  of  the  tower.  The  return  gradually 
faded  out  as  it  settled.  Last  frame  was 
T  +  3  minutes  and  25  seconds,  and  the 
imago  on  this  frame  was  detectable  only 
because  of  film  integration. 

*Echo  may  have  extended  higher, because  the  antenna  was  not  elevated  to  view 
greater  heights.  The  spikes  althougli  undetected  visuiiily  by  the  operator 
were  revealed  on  film. 
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Deputy  Chief  of  Staff  for  Military  Operations  1 

Department  of  the  Army,  Washington  25,  D.  C. 

ATTN:  Director  of  SWandR 

Chief  of  Research  and  Development,  Department  of  the  Army  1 

Washington  25,  D.  C.,  ATTN:  Atomic  Division 

Assistant  Chief  of  Staff,  Intelligence  1 

Department  of  the  Army,  Washington  25,  D.  C. 

Chief  Chemical  Officer,  Department  of  the  Army  1 

Washington  25,  D.  C. 

Chief  of  Engineers,  Department  of  the  Army  1 

Washington  25,  D.  C.,  ATTN:  ENGNB 

Chief  of  Engineers,  Depai-tment  of  the  Army  1 

Washington  25,  D.  C.,  ATTN:  ENGTB 

Office,  Chief  of  Ordnance,  Department  of  the  Army  1 

Washington  25,  D.  C.,  ATTN:  ORDTN 

Chief  Signed  Officer,  Department  of  the  Army  1 

Comb.  Dev.  and  Ops.  Div.,  Washington  25,  D.  C.,  ATTN:  SIGCO-4 

The  Surgeon  Genered,  Department  of  the  Army  1 

Washington  25,  D.  C.,  ATTN:  MEDNE 

Commander  in  Chief,  U.  S.  Army  Europe,  APO  403;  New  York,  N.  Y.  1 
ATTN:  Opot.  Div.,  Weapons  Br. 

Commanding  General,  U.  S.  Continental  Army  Command  1 

Ft.  Monroe,  Virginia 

Director,  Special  Weapons  Development  1 

U.  S.  Continental  Army  Command,  Ft.  Bliss,  Texas 

President,  U.  S.  Array  Artillery  Board  1 

U.  S.  Continented  Army  Command,  Ft.  Sill,  Okla 

President,  U.  S.  Army  Armor  Board  1 

U.  S.  Continental  Army  Command,  Ft.  Knox,  Kentucky 

President,  U.  S.  Army  Infantry  Board  1 

U.  S.  Continental  Anny  Coinmand,  Ft.  Bennlng,  Georgia 


President,  U.  S.  Army  Air  Defense  Board 

U.  S.  Continental  Amy  Command,  Ft.  Bliss,  Texas 
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President,  U.  S.  Army  Aviation  Board  1 

U.  S.  Continental  Army  Command,  Ft.  Rucker,  Alabama 

Commandant,  CandGS  College,  Ft.  Leavenworth,  Kansas  1 

ATTN:  ALLIS  (AS) 

Commandant,  U.  S.  Army  Air  Defense  School,  Ft.  Bliss,  Texas  1 

ATTN:  Dept,  of  Tactics  and  Combined  Arms 

Commandant,  U.  S.  Array  Armored  School,  Ft.  Knox,  Kentucky  1 

Commandant,  U.  S.  Array  Artillery  and  Missile  School  1 

Ft.  Sill,  Oklahoma 

Commandant,  U.  S.  Army  Aviation  School,  Ft.  Rucker,  Alabama  1 

Commandant,  U.  S.  Army  Infantry  School,  Ft.  Benning,  Georgia  1 

ATTN:  C.D.S. 

Commandant,  U.  S.  Army  Ordnance  School,  Aberdeen  Proving  Ground,  1 
Maryland 

Commandant,  U.  S.  Army  Ordnance  and  Guided  Missile  School  1 

Redstone  Arsenal,  Alabama  , 

Commandant,  Chemical  Corps  School  1 

Chemical  Corps  Training  Corad.,  Ft.  McClellan,  Alabama 

Commandant,  USA  Signal  School,  Ft.  Monmouth,  N.  J.  1 

Director,  Armed  Forces  Institute  of  Pathology  1 

Walter  Reed  Array  Med.  Center,  625  l6th  St.,  N.W. 

Washington  25,  D.  C. 

Commanding  Officer,  Army  Medical  Research  Lab.,  Ft.  Knox,  Ky.  1 

Commandant,  Walter  Reed  Anny  Inst,  of  Research  1 

Walter  Reed  Aimy  Medical  Center,  Washington  25,  D.  C. 

Commanding  General,  U.  S.  Array  Chemical.  Corps  1 

Research  and  Development  Comd.,  Washington  25,  D.  C. 

Commanding  Officer,  Chemical  Warfare  Lab.,  1 

Array  Chemical  Center,  liaryland,  ATTN:  Tech.  Library 

Commanding  Officer,  Diamond  Ord.  Fuze  Labs  1 

Washington  25,  D.  C.,  ATTN:  ORDTL-33.O 

Commanding  General,  Aberdeen  Proving  Grounds,  Maryland  1 

ATTN:  Director,  Ballistics  Research  Laboratory 
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Commanding  General,  U.  S.  Army  Ordnance  Missile  Command 
Redstone  Arsenal,  Alabama 

Commanding  General  Army  Rocket  and  GM  Agency 
Redstone  Arsenal,  Alabama,  ATTN:  ORDDW-GMTE 

Commanding  General,  White  Sands  Proving  Ground 
Las  Cruces,  New  Mexico,  ATTN:  ORDBS-OM 

Commanding  General,  Army  Ballistic  Missile  Agency 
Redstone  Arsenal,  Alabama,  ATTN:  ORDAB-C 

Commanding  Officer,  USA  Signal  RandD  Laboratory 
Fort  Monmouth,  N.  J. 

Commanding  General,  USA  Electronic  Proving  Ground 
Ft.  Huachuca,  Arizona,  ATTN:  SIGPG-DSGSC 

Commanding  General,  USA  Combat  Surveillance  Agency 
1124  N.  Highland  St.,  Arlington,  Va. 

Director,  Operations  Research  Office,  Johns  Hopkins  University 
6935  Arlington  Road,  Dethesda  l4,  Maryland 

Chief  of  Naval  Operations,  Department  of  the  Navy 
Washington  25,  D.  C.,  ATTN:  OP-O3EG 

Chief  of  Naval  Operations,  Department  of  the  Navy 
Washington  25,  D.  C.,  AT'i’N:  OP-36 

Chief  of  Naval  Operations,  Department  of  the  Navy 
Washington  25,  D.  C.,  ATTN:  0P-922G1 

Chief  of  Naval  Research,  Department  of  the  Navy 
Washington  25,  D.  C.,  ATTN:  Code  8II 

Chief,  Bureau  of  Aeronautics,  Department  of  the  Navy 
Washington  25,  D.  C. 

Chief,  Bureau  of  Ordnance,  Department  of  the  Navy 
Washington  25,  D.  C. 

Chief,  Bureau  of  Ordnance,  Department  of  the  Navy 
Washington  25,  D.  C.,  ATTN:  S.P. 

Chief,  Bureau  of  Ships,  Department  of  the  Navy 
Washington  25,  D.  C.,  ATTN:  Code  J48 

Chief,  Bureau  of  Yards  and  Docks,  Department  of  the  Navy 
Washington  25,  D.  C.,  ATTN:  D-440 
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Director,  U.  S.  Naval  Research  Laboratory 
Washington  25,  D.  C.,  ATTN:  Mrs.  Katherine  H.  Cass 

Commander,  U.  S.  Naval  Ordnance  Laboratory,  White  Oak 
Silver  Spring  19,  Maryland,  ATTN:  Library 

Commanding  Officer  and  Director,  U.  S.  Navy  Electronics 
Laboratory,  San  Diego  52,  California,  ATTN:  Library 

Commanding  Officer,  U.  S.  Naval  Radiological  Defense  Lab., 

San  Francisco,  California,  ATTN:  Technical  Info.  Div. 

Officer  in  Charge,  U.  S.  Naval  Civil  Engineering  RandE  Lab. 

U.  S.  Naval  Construction  Bn.  Center,  Port  Hueneme,  Csdif. 

ATTN:  Code  753 

Commanding  Officer,  U.  S.  Naval  Schools  Command 

U.  S.  Naval  Station,  Treasure  Island,  San  Francisco,  Calif, 

Superintendent,  U.  S.  Naval  Postgraduate  School 
Monterey,  Calif. 

Commanding  Officer,  U.  S.  Fleet  Training  Center,  Naval  Base 
Norfolk  11,  Va.,  ATTN:  Special  Weapons  School 

Commanding  Officer,  Nuclear  Weapons  Training  Center,  Pacific, 
Naval  Station,  San  Diego,  Calif. 

Commanding  Officer,  U.  S.  Naval  Damage  Control  Training  Center 
Naval  Base,  Philadelphia,  Pa.,  ATTN:  ABC  Defense  Course 

CoDnnanding  Officer,  Air  Development  Squadron  5;  VX-5 
China  Lake,  Calif. 

Commanding  Officer,  U.  S.  Naval  Medical  Research  Institute 
Nationsl  Naval  Medical  Center,  Bethesda,  Md. 

Commandant,  U.  S.  Marine  Corps,  Washington  25,  D.  C. 

ATIN;  Code  A03H 

Assistant  for  Atomic  Energy,  Hq,  USAF,  Washington  25,  D.  C. 
ATTN:  DCS/O 

Deputy  Chief  of  Staff,  Operations  Hq,  USAF 
Washington  25,  D.  C.,  ATTN:  Operations  Analysis 

Assistart  Chief  of  Staff,  Intelligence,  Hq,  USAF 
Washington  25,  D.  C.,  ATTN:  AFCIN-IB2 

Deputy  Chief  of  Staff,  Plans  and  Programs,  Hq,  USAF 
Washington  25,  D.  C.,  A'TTN:  War  Plans  Division 
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Director  of  Research  and  Development,  DCS/D,  Hq,  USAF,  1 

Washington  25,  D.  C.,  ATTN;  Combat  Components  Division 

The  Surgeon  General,  Hq,  USAF,  Washington  25,  D.  C.  1 

ATTN:  Bio.-Def.  Pre.  Med.  Division 

Commander  in  Chief,  Strategic  Air  Command,  Offutt  AFB,  Neb.,  1 

ATTN:  Inspector  General,  Special  Weapons  Branch,  Inspector  Div. 

Commander,  Tactical  Air  Command,  Langley  AFB,  Va.  1 
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